Construction industry experts believe that project performance frequently suffers due to construction complexity issues. However, there are limited studies focusing on construction project complexity definition, characteristics and indicators. In this paper, a qualitative Delphi method was applied to identify and validate significant complexity indicators. To fulfill this purpose, ten Subject Matter Experts (SMEs) were invited to participate in a complexity assessment and management workshop. Through two rounds of the Delphi study, the top 30 complexity indicators were identified and ranked. It was concluded that "peak number of participants on the Project Management Team during engineering/design phase of the project", "magnitude of change orders impacting project execution", and "frequency of the workarounds" are the top three complexity indicators respectively. Furthermore, the impact weight associated with each of the complexity indicators were calculated. In the second part of the workshop, the Delphi methodology was again utilized to capture complexity management strategies and practices.
Introduction
Complexity is a term often used in the construction industry with many different interpretations of what complexity represents. Intuitively, the construction industry believes that project complexity has some impact on project delivery, project management practices, and/or project performance. Complex projects demand an exceptional level of management and the application of systems developed for ordinary projects have often been found to be inadequate for complex projects. Construction research has, in some cases, demonstrated that complexity does impact projects. Projects have certain critical characteristics that determine the appropriate actions to manage them successfully. Project complexity is one such project characteristic or dimension impacting project development and management practices. Construction research often studies complexity as one variable of many variables. Recently, some authors and professional organizations have studied complexity as a singular subject [1, 2, 3] . Research identifies complexity as a factor that helps determine planning and control practices, hinders the identification of goals and objectives, or a factor that influences time, cost, and quality of a project [4] .
There is a need to study complexity as a separate factor influencing projects. This includes a need to define project complexity, study the individual and most important attributes of complexity, and identify the influence of project complexity on different aspects of projects such as project practices, decisions, cost, schedule, quality, and project performance. Most attributes of complexity are known to be constantly changing variables such as project management team size, project location, project team experience, interfaces within a project, logistics/market conditions, geo-political and social issues, and permitting and approvals [5] . Complexity often refers to a measurement of the number of elements and interfaces or a relative comparison of difficulty to what an organization had previously accomplished. Complexity presents additional management challenges to achieving project objectives. References to low project complexity or high project complexity are commonplace across all industry sectors. However, most references to low or high complexity are often made by intuition and often represent a relative assessment of complexity by comparison to other types of projects or to similar projects within an industry sector. There is no standard definition for complexity that can be applied to all project cases; furthermore, there is no single depiction or understanding of complexity, what it means, how to measure it, or how to manage the impact of complexity on projects.
Background
Complexity theory generally defines what a complex system is within a specific area of interest (e.g., natural, biology, eco-system, computer science, human society, or financial market, etc.) and studies the interaction between the elements in that system. The existing theoretical issue of complexity theory is that there is still no commonly accepted definition of complexity, despite a large number of proposed definitions [6] . As defined by Lucas [7] , a complex system is a whole that consists of several elements interacting with each other in many different ways. Numerous interdependent elements in a complex system continuously interact and spontaneously organize and reorganize themselves into increasingly elaborate structures over time. Unlike conventional systems (e.g., an aircraft or a computer), a complex system includes elements that do not necessarily have fixed relationships, fixed behaviors, or fixed quantities.
After discussing the complexity definitions with Subject Matter Experts, the authors found the following complexity definition as the basis of this research: "Project complexity is the degree of interrelatedness between project attributes and interfaces, and their consequential impact on predictability and functionality."
Research Objectives
The purpose of this paper is to identify project complexity indicators and their ranking, and provide strategies to manage complex projects and achieve desired project outcomes. For this purpose, the objectives of this research are:
• Identify project complexity attributes and indicators;
• Rank and weight complexity indicators based on their level of significance in project performance; and
• Develop strategies to manage the potential impact of complexity.
Research Methodology
The Delphi technique is well suited as a means and method for consensus-building by using a series of questionnaires to collect data from a panel of selected subjects [8, 9, 10, 11, 12, 13] . According to Skulmoski and Hartman [14] , there is no standard form for a Delphi study. To support this, they provide a comparison of 15 Delphi studies to show the different applications to this methodology. They believe the Delphi study should have the following characteristics: (1) anonymous participants; (2) more than one round; (3) feedback about the opinions of others in the group, allowing participants to change their opinion; and (4) data summary and analysis.
Other authors have suggested that the Delphi study be used when there is relatively little information available about a particular topic or where the knowledge of experts is fragmented among fields [15, 16] , or when consensus among participants in a relatively unstructured environment is desirable. Although a relatively small number of experts can be used, there is a significant range in the number of experts that are used in varied studies [17, 18] .
For the reasons mentioned above, the selection of the Delphi was found to be the best method for addressing the topic of complexity indicators and their impact level as well as strategies which help to manage their potential undesirable outcomes. The Delphi method through two rounds of questionnaires was seen as best to achieve this study's purpose.
Data Collection and Analysis
The Construction Industry Institute [19] performed a comprehensive research in identifying and exploring construction project complexity indicators. In their research, 101 variables belonging 11 categories which could potentially affect project complexity level were statistically tested. This analysis which was made based on 44 survey responses, clarified that 38 of the variables are statistically significant in differentiating between low and high complex projects.
The authors utilized the CII [19] complexity research findings as the basis to perform further analysis on this topic. First, this study aimed to identify the complexity indicators based on industry experts' opinions. Furthermore, this paper determined the ranking as well as the significance level of the 38 complexity indicators. Moreover, potential management strategies which reduce project complexity level were developed and documented.
In order to achieve the purpose of this paper, the authors invited ten SME volunteers (who were not involved in this study before) to provide input to this research and provide seasoned advice on effective project management approaches to deal with project complexity. People who agreed to participate in this study had many years' experience in project management which included international and US domestic projects. Overall, the SME volunteers had over 200 years of cumulative experience and consisted of ten members from a mix of owner, consulting, and contractor companies. The SMEs had managed projects all over the world and had the robust background to verify the importance and validity of the complexity indicators that had been identified previously.
This workshop which was held in a multinational corporation, was divided into morning and afternoon sessions and lasted for more than seven hours. During the morning session, the SMEs were asked to identify and rank project complexity indicators while in the afternoon session, the focus of workshop shifted to the potential strategies to manage complex construction projects. Figure 1 highlights how the Delphi method was applied in identifying and ranking project complexity indicators in the morning session of the workshop.
Part I: Identifying and Ranking Project Complexity Indicators
Before the workshop, identified SMEs were asked to review the 38 complexity indicators that were found to be statistically significant. Specific instructions on ranking process and additional information of those complexity indicators were provided prior to the workshop to assist the SMEs. At the workshop, the authors presented the research purpose, research method, and workshop approach to the SMEs before asking them to complete the ranking assignment. Then, the development process of 38 complexity indicators and their definitions based on literature review, industry experience, and brainstorming and group discussions was described.
The authors presented which measures are statistically significant in differentiating between low and high complexity projects. It was shown that 38 complexity measures belonging to 11 categories were found to be statistically significant in differentiating between low and high complexity projects. 
Delphi Questionnaire: Round I
For identifying and ranking project complexity attributes and indicators, SMEs were asked to complete the handouts which were distributed in the workshop. In these handouts, 38 complexity indicators were listed randomly and the experts were asked to select and rank top 15 complexity indicators based on their level of impact in making a project more complex. After the SMEs completed their ranking, the research team collected their input. The first round took approximately 45 minutes.
It was observed that each of the indicators received at least one ranking, validating that each of the indicators do contribute to project complexity. The collected data was entered into the excel spreadsheet to be prepared for ranking analysis. In order to find the complexity indicators ranking based on all the inputs, a complexity indicator index methodology was developed as follows. Each of the complexity indicators was assigned a score of 1-15, where score of 1 was assigned to the complexity indicator ranked 15 th and score of 15 was assigned to the complexity indicator ranked 1 st . Such an approach enables the total score to be calculated across all the indicators to produce complexity indicator ranking and weighting.
Delphi Questionnaire: Round II
After the results were calculated, the first round outcome of group rank order was presented to the SMEs. The SMEs then compared their ranking with the first round results and discussed their opinions about the final results. After 45 minutes of discussion and brainstorming, they were asked to finalize their opinions and rank the top 10 complexity indicators. The reason to select 10 instead of 15 complexity indicators in the second round was to further reduce the number of significant complexity indicators. When SMEs performed the ranking process, the authors once again collected the hand-outs and did the analysis similar to the first round.
Discussion and Analysis of Ranking Results
The details of top ten complexity indicators ranking and scores during both first and second rounds of the workshop is illustrated in Table 1 . All the complexity indicators received at least one ranking during the first round of the Delphi study since the experts were asked to select and rank the top 15 complexity indicators. Nevertheless, 8 of the complexity indicators were excluded from the ranking since none of the SMEs selected them as top 10 complexity indicators during the second round of the Delphi study.
As it is shown in Table 1 , "peak number of Full Time Equivalent (FTE) participants on the Project Management Team (PMT) during detailed engineering/design phase of the project" which was ranked as the second complexity indicator with the total score of 67 in the first round of the workshop, moved to the top of the list and ranked as the first complexity measure with the score of 44 during the second round of Delphi study. SMEs believed that the high number of FTE participants on the PMT during the early phases of the project could increase the interfaces and interactions between project management team members and possibly cause confusions and misunderstandings which ultimately turn to conflicts. Furthermore, if the peak number of FTE participants on the PMT team is vastly greater than the average number of participants in the same group, means that many of the team members have joined the project later in the design/engineering phase and they may not be fully aware of project concerns, problems and design criteria. Therefore, this situation will be directed into either of two potential scenarios. First, a lot of time should be spent to make the new participants have the same level of knowledge as the other ones. Or, the new members will provide inputs to the project with lower level of knowledge on project circumstances which will cause disagreements and conflicts. In both cases the project outcome will suffer heavily and the impact may not only affect the project schedule, but also quality and cost if re-work occurs.
The second significant complexity indicator which the SMEs agreed on, is the "impact of the magnitude of change orders on project execution". The workshop experts discussed that a large scale change order, driven by any of the owner, contractor or designer entities, can make the project execution more complex and may halt the construction for a short or long period of time. Moreover, if the scale of the change order is huge and there was no prior planning for the change, the procurement of the materials may become another substantial problem in the project.
"Frequency of workarounds because materials were not available when needed to support construction" is ranked as the third major complexity indicator during the second round of the Delphi study. If the amount of workarounds due to unavailability of materials in a project becomes greater than similar projects, not only project cost and schedule will be affected adversely but also the quality of project deliverable will be impacted undesirably. Therefore, the SMEs suggested that workarounds during the execution of the construction project should be avoided strictly.
Complexity Indicator Weighting
Although the ranking results demonstrate the complexity indicators, it does not clarify the difference in magnitude of their impact. Therefore, the final ranking scores calculated in the second round of the Delphi study, were used as a basis for weighting the complexity indicators. The weight factor of complexity indicators were calculated by the ratio of the score of each indicator over the sum of all the complexity indicators' scores as follows: (1) where and represent weight and score associated with each complexity indicators respectively. 
Part II: Developing Complexity Management Strategies
The purpose of the second part of the workshop which was held in the afternoon session, was to explore and capture project management strategies which manage project complexity based on the previously identified indicators.
Before starting the first round of the Delphi method for the afternoon, the research team were asked to review and discuss the potential complexity management strategies. These strategies which were previously found through literature and existing Construction Industry Institute (CII) publications provided a baseline for SMEs on identifying and developing top construction project complexity management strategies. Table 2 shows the top two management strategy results that was developed at the second part of the workshop. 
Conclusions
The hierarchical list of complexity indicators and their weights enables owners and contractors to approach their project planning and execution more precisely and wisely. However, there are few studies focused on complexity indicators and their impact level. Therefore, this research utilized and applied qualitative Delphi method to identify and validate complexity attributes and indicators and define top industry-based complexity management strategies. Through two rounds of Delphi study, the top 30 project complexity indicators were identified and the top ten were presented. Furthermore, impact weights associated with each of the complexity indicators were calculated. Another Delphi process with the same group of SMEs was used to capture the preeminent complexity management strategies and practices. Relevant to the rank ordered indicators, the results of collecting distinguished complexity management strategies were classified to the following 11 complexity categories: Stakeholder Management, Governance, Legal, Fiscal Planning, Interfaces, Scope Definition, Location, Design and Technology, Project Resources, Quality and Execution Targets.
Contribution
This study has contributed to the existing body of knowledge in managing complex construction projects. Prior to this study, there were limited empirical data available on how to assess and manage complex construction projects. This research helped to identify and validate construction project complexity attributes and indicators and their level of importance. Furthermore, the research findings and conclusions obtained from the Delphi study provided substantial contribution to the body of knowledge by identifying industry practices and strategies which help in managing complex projects.
